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In previous numbers of this series an account was given of the 

1964-1965 expedition of the Museo de la Plata and the Museum 
of Comparative Zoology to the Permo-Triassic of western Ar- 
gentina, and the Permo-Triassic geology of the Chafares-Gualo 
region was briefly described (Romer, 1966; Romer and Jensen, 

1966). This and succeeding papers will be devoted to descrip- 

tions of the new genera and species contained in the Chanares 
fauna. 

Owing to a sequence of political incidents which need not be 
detailed here, the greater part of the collection has only recently 

(December 1966) reached the Museum of Comparative Zoology 

after the lapse of nearly two years. The one box of specimens 
which reached Cambridge earlier and is now partially prepared, 

contains, however, a considerable variety of reptilian remains, par- 

ticularly skulls and jaws. Represented, in addition to indeterminate 

fragmentary materials, are a small pseudosuchian, a moderately 
large dicynodont with powerful tusks, two carnivorous cynodonts, 
and at least four (possibly more) gomphodont cynodonts. For 

most of these forms, the materials at hand are none too complete, 

even as regards crania and dentitions, and it hence seems wise to 
defer description until the arrival of the main body of the collec- 
tion, in which further specimens are almost surely present. Two of 

the gomphodonts, however, are represented by a number of well- 
preserved skulls and jaws, and will be described here as Masse- 

tognathus pascuali and M. teruggii. As will be seen from the 
descriptions and illustrations, the two are comparable in many 
ways, and are obviously closely allied. The skulls assigned to 
M. teruggii are on the average about 43 per cent larger than 
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those of M. pascuali, and the differences between the two are in 
great measure differences which might reasonably be associated 
with the contrast in size. I was at first inclined to believe that we 
were possibly dealing with growth stages of a single form. How- 
ever, the skulls sort clearly into two size groups, rather than form- 
ing the graded series expected had they represented growth stages 
of a single species. The difference in size between the two is con- 
siderably greater than that expected in sex differences, and it is 
hence reasonable to believe that we are dealing with two species 
of a single genus. 

MASSETOGNATHUS gen. nov. 

Type species: M. pascuali sp. nov. 

Diagnosis. Traversodontid gomphodonts of modest size, known 
skull lengths (snout to condyles) ranging from 82 to 138 mm. 
The skull is short and broad, the width about seven-tenths the 
length to condyles. Muzzle expanded laterally so that the maxilla 
is broadly exposed ventrally lateral to the cheek tooth row. As 
in gomphodonts generally, the zygomatic arch is broad but with 
a constricted posterior base; the arches widely expanded for 

their full length in a line parallel to the long axis of the skull; the 
epipterygoid-pterygoid bar extending broadly back to the quadrate 
region; the angular process of the dentary well developed and 
thickened at its ventral border; posterior to this, the angular-sur- 
angular well exposed laterally. No suborbital process of the jugal; 
external exposure of the squamosal on the zygomatic arch re- 
stricted to upper and posterior borders; no posterior projection of 

the angular process of the dentary. Four upper, three lower in- 
cisors; canines modestly developed; 12-15 upper, 11-13 lower 

cheek teeth; anterior teeth smaller and simpler in structure than 
main series, but no distinct <premolar= series. Teeth of typical 
traversodont pattern; upper <molars= with two lateral cusps, the 
more posterior one the more prominent; a high posterior transverse 
ridge with cusps close to and at the posteromedial corner. Teeth 
subquadrate, but extending farther laterally toward the posterior 
corner; anterior and posterior margins essentially transverse and 
parallel, but slightly convex in outline anteriorly toward the ex- 
ternal margin and similarly concave posteriorly, so that each tooth 
<shoulders= to a slight degree into the area of its next anterior 
neighbor. The generic name (masculine) refers to the obviously 

excellent chewing powers of the jaws. 
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MASSETOGNATHUS PASCUALI sp. nov. 

Holotype. No. 65-XI-14-1, Museo de la Plata, skull and jaws, 
collected by the 1964-1965 expedition of the Museo de la Plata 
and the Museum of Comparative Zoology. 

The specific name is in honor of Dr. Rosendo Pascual, Pro- 
fessor of Paleontology in the Universidad de la Plata, who accom- 
panied the expedition during much of its stay in western Argentina, 
and was exceedingly helpful to us before, during, and after our 

field work. 
Horizon and locality. From an exposure in the Triassic Cha- 

fares Formation about two miles north of the point where the 
Chanares River debouches into the Campo de Talampaya, in west- 
ern La Rioja Province, Argentina. 

Diagnosis. A small form, with a mean length, snout to con- 
dyles, of about 87 mm in available specimens. Posterior portion of 
frontals and anterior portion of parietals form a flat triangular dor- 
sal area, the posterior end of the triangle extending back to a 
parietal foramen of modest size; the postorbitals extend back on 

either side to a point about opposite the parietal foramen. The 
angular process of the dentary descends to form approximately a 
right angle with the ventral margin of the bone. Twelve upper 
and 11 lower cheek teeth in available specimens. 

Description. Massetognathus pascuali appears to be an exceed- 
ingly common member of the Chanares fauna; even in the re- 
stricted material currently available from our collection there are 
some seven fairly good skulls, as well as less complete skull and 
jaw specimens and considerable postcranial material. This is a 
relatively small animal, the mean length of available specimens, 
from premaxilla to occipital condyle (allowing for minor anterior 
or posterior deficiencies), being 87.3 mm, with a range from 82 
to 95 mm. As noted above, the first thought that these specimens 
might be growth stages leading to M. teruggii appears to be negated 
by the fact that the series here assigned to M. pasuali seems to clus- 
ter closely about the size mean, with an average deviation of but 
3.6 mm, or about 4 per cent. 

The general nature of the skull is obvious from Figures 1-3. Its 
structure is for the most part that familiar in advanced cynodonts 
generally and gomphodonts in particular, and in many regards does 
not call for detailed description. In its general proportions it is 
relatively broad and short. The seeming shortness is exaggerated by 
the most distinctive feature of the genus 4 the <swollen= muzzle. 
As in all typical gomphodonts, the two tooth rows of the cheek 
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battery are close together on the ventral surface of the skull. In 
most gomphodonts there is little lateral extension of the muzzle 
beyond the line of the tooth row, and (as may be seen, for ex- 

ample, in Diademodon or Exaeretodon) the snout region is slen- 
der. Here, however, the maxillae extend far out dorsally (with a 
downward slope) to a point about opposite the lower margin of the 
orbits, then, curving downward and inward, present a broad ven- 
tral surface lateral to the tooth rows. 

Figure 1. Lateral view of the skull of Massetognathus pascuali. Natural 

size. 

The skull is low, and the orbits face somewhat more dorsally 

than laterally and slightly anteriorly. The prefrontal and post- 

orbital meet broadly above the orbits. The nasals and frontals 

form an essentially flat dorsal platform atop the skull. On either 

side, the prefrontals and postorbitals are somewhat raised above 
the flat surface of the frontals and anterior part of the parietals. 

Posterior to the orbits, the ridges formed by the postorbitals con- 

verge to leave a triangular wedge of flat dorsal surface formed 
by the back portion of the frontals and the anterior portion of the 

parietals. This narrows posteriorly, with the rather small parietal 

foramen at the apex of the triangle. Posterior to this, the con- 

joined parietals form a sharply developed parietal crest. The post- 
orbitals on either side extend backward, sheathing the parietals 

laterally, to about the level of the parietal foramen. 
The lateral surfaces of the braincase appear to be constricted in 

typical cynodont fashion; I shall postpone description of this region 
and the interior of the orbit until further material is available for 

<dissection= and sectioning. The occipital surface of the skull is of 
normal cynodont construction. Laterally, as in gomphodonts gen- 

erally, but in contrast to other cynodonts, the squamosal descends 
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Figure 2. Dorsal and ventral views of the skulls of Massetognathus pas- 

cuali. Natural size. 
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ventrally so that the connection between the portion of the bone 

forming the lateral wing of the occipital region and that associated 
with the zygoma is only by a narrow neck ventrally; in posterior 

view, the dorsal margins of the two portions form a V, widely 

open above. The pterygoid-epipterygoid bar reaches broadly back 
to the quadrate region above a pterygo-paroccipital fenestra. The 
squamosal forms the boundaries, medial and lateral, of a distinct 

Figure 3. Posterior view of the skull of Massetognathus pascuali. Natu- 

ral size. 

external auditory meatus. The postorbital bar is slender; the zygo- 
matic arch, however, is deep dorsoventrally. In contrast to cynog- 
nathids, in which the arch slants diagonally outward and backward 
from the orbital region to attain its greatest length posteriorly, the 
arch, as in gomphodonts generally, attains its full breadth at the 

posterior margin of the orbit, and runs back from this point parallel 
to the main axis of the skull, allowing a high development of the 
temporal musculature. The external exposure of the squamosal on 
the arch is restricted to a narrow area at the top of the arch, 
and, curving downward posteriorly, along the anterior margin of 
the external meatus. 

Ventrally, the two rows of cheek teeth are close together an- 
teriorly, and diverge gently posteriorly. The secondary palate ex- 
tends back most of the length of the tooth row and (although the 
sutures are none too certain) the palatines appear to form the most 

posterior portion of the secondary palate. Back of the secondary 
palate, little of sutures can be made out in the material available. 
On either side, the lateral margins of the pterygoids extend back- 
ward as raised ridges which terminate in sharply-pointed flanges di- 
rected downward and backward. From the median bar formed 
posteriorly by the conjoined pterygoids and basicranial axis, a pair 
of ridges run diagonally forward and laterally toward the posterior 
ends of the tooth rows, and a median ridge runs directly forward. 
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The posterior ventral structures are of the type commonly seen in 
cynodonts, with an excavated basioccipital-sphenoid area bounded 
by a pair of ridges; on either side, there is a well-developed vagal 
foramen, and farther forward, the fenestra ovalis. A V-shaped 

channel, bounded medially by the braincase wall and laterally by 
the pterygoid-epipterygoid bar, represents the primitive cranio- 
quadrate passage; anteriorly it is roofed below by a median ex- 
tension of the pterygoid. In most specimens the quadrate (plus 
quadratojugal, loosely attached to the skull) has dropped out, 

leaving a pair of notches to represent its area of articulation. In 
the jaw the dentary is highly developed, with a high and broad 

coronoid process, a posterior process which reaches back nearly 
to the articular area, and a pronounced angular process of the 
dentary which is thickened and rounded ventrally. Posteriorly, in 

contrast to non-gomphodonts, the angular and surangular are well 
exposed on the outer surface. The elements of the jaw apart from 
the dentary are incompletely preserved in the available material, 
and I shall reserve description of the inner surface of the mandible 
for a future occasion. 

There are four upper and three lower incisors of modest size, 
somewhat chisel-shaped and with longitudinal striations. The 
canines are relatively little developed. The cheek teeth are sep- 
arated from the canines by a short diastema; both above and be- 

low, the members of each cheek series (Figs. 4, 6) are crowded 

close to one another, and the two rows, rather close together in 
front, curve gently outward posteriorly. As is now well known in 
other gomphodonts (Crompton, 1955, etc.), the composition of a 

gomphodont cheek battery may change during <adult= life by the 
eruption of additional teeth posteriorly and resorption of anterior 
ones, so that no precise tooth count is possible. In our material 

there is no positive evidence of anterior resorption, but in most 
specimens there is evidence of posterior addition in the presence, at 
the back end of the battery, of either a newly erupted but unworn 
tooth, one well formed by not yet erupted, or a partially developed 
tooth still in its alveolus. In the specimens currently available to 
us there are generally 12 maxillary teeth, and 11 in the only two 

mandibles now in our possession. Although, in contrast to dia- 
demodonts, there is no sharp contrast between small <premolars= 

and a <molar= series, the more anterior cheek teeth are smaller 
and with a simpler pattern. The wear on the teeth is obviously 
great, so that little detail of the crown pattern can be seen except 
in teeth at the back end of the series which are as yet unerupted or 
very freshly erupted. 
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Figure 4. Left (above) and right (below) upper cheek tooth series of a 
specimen of Massetognathus pascuali. X 3. 

Such a tooth from the maxillary series is shown in Figure 5. In 
surface view the crown is subquadrate, nearly twice as broad as 

long anteroposteriorly. The inner margin is curved; anterior and 
posterior margins are nearly straight and parallel to one another, 

except that towards the outer border the anterior margin is some- 
what convex, the posterior border opposite somewhat concave. Each 

tooth thus <shoulders= somewhat into the proper area of its next 

anterior neighbor 4 a feature which is much more pronounced in 

the more advanced traversodonts of the later Ischigualasto horizon. 

On the outer border, the base of the cone forming the postero- 
external cusp extends considerably outward and backward, so that 

the external boundary is a diagonal line. The outer portion of the 

tooth is a high anteroposterior ridge, on which a major cusp de- 
velops posteriorly; a minor cusp, only slightly separated from it, 
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is developed along the downward anterior slope of the ridge. Me- 
dial to the two cusps, the external ridge descends abruptly into 
a basin which occupies most of the crown area. This basin, apart 

from its straight lateral border, is an essentially oval concave 
area, without internal markings. It is surrounded on posterior, 
medial, and anterior borders by a curved ridge, considerably 
higher along the posterior margin than medially and anteriorly. An 
elongate cusp is present about two-thirds the way in along the pos- 
terior ridge, a second cusp near the posteromedial corner, and a 

lower cusp part way along the anterior ridge. In a freshly erupted 
tooth a series of tiny bead-like denticulations may be seen along 

Figure 5. A right upper <molar= of Massetognathus pascuali. A, Crown 
view. 8B, Posterior and somewhat ventral. C, Medial. D, Anterior and 

somewhat dorsal. E, Lateral. X 4. 

most of the extent of the ridges surrounding the basin posteriorly, 

mediaily, and anteriorly, and a few may even be present along 
the external ridge. With wear, the denticulations rapidly disap- 

pear; with somewhat further wear, the anterior ridge is ground 

down, leaving the posterior ridge projecting, but with distinction 
between its two cusps lost, and the internal ridge still prominent. 
With still further wear, the posterior ridge, too, becomes worn 
away, and the basins of successive teeth become a continuous sur- 
face, flat anteroposteriorly but concave as seen in end view, 

rising medially to a persistent medial ridge, and rising still higher 
laterally to the outer longitudinal ridge. 

The general position of the lower cheek series corresponds to 
that above. (Because of imperfections in available specimens of 

M. pascuali, I have shown instead, in Figure 6, that of M. teruggii.) 
As in the upper jaw, the most anterior cheek teeth are smaller and 
simpler in pattern than the main series, although there is no sharp 
division into <premolars= and <molars.= Just as in the case of 
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Figure 6. Right cheek tooth series of a specimen of Massetognathus ter- 

ugegil. X 2. 

the upper <molars,= wear tends to obliterate rapidly most of the 

details of the crown pattern. A freshly erupted tooth is shown in 
Figure 7. The lower <molars= are of the diagnostic traversodont 
pattern. This pattern, as regards position in the jaw, gives them 
a build contrasting sharply with those of the upper jaw. Curi- 
ously, however, if one imagines a lower tooth rotated 90°, so that 
the anterior border faces, instead, to the outside, the pattern be- 

comes highly comparable to that of the upper tooth. The lower 
cheek teeth are subquadrate in shape. The anterior portion forms 
a high transverse ridge, partially subdivided into two cusps, of 
which the more external is the larger and higher. Just as the ex- 
ternal ridge of the upper tooth descends steeply on its inner sur- 
face to the basin of the tooth, so here the posterior face of the 
anterior transverse ridge descends abruptly into the subquadrate, 
smoothly concave tooth basin. As in the case of the upper tooth, 
the basin is surrounded by a continuous ridge on the other three 

Figure 7. A right lower <molar= of Massetognathus teruggii. A, Crown 

view. B, Lateral. C, Anterior. D, Medial. E, Posterior. X 4. 
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sides; the external ridge is much the highest, the internal the low- 
est. As in the margins of the upper basin, so here a nearly continu- 
ous series of bead-like cuspules is present in the unworn tooth, 
but in contrast to the upper teeth, no conspicuous cusps are present, 
even in the unworn tooth. With wear, the denticulations soon dis- 

appear, and except for the strong anterior cross-ridge, the tooth 
is reduced to a somewhat concave basin with a somewhat raised 
rim externally. 

MASSETOGNATHUS TERUGGII Sp. nov. 

Holotype. No. 65-XI-14-2, Museo de la Plata, skull and jaws, 

collected by the 1964-1965 expedition of the Museo de la Plata 
and the Museum of Comparative Zoology. 

The species is named for Professor Mario Teruggi, who was 
most helpful in the carrying out of our field work and in our post- 
expeditionary difficulties. 

Horizon and locality. From the same horizon and locality as 
the type of M. pascuali. 

Diagnosis. A larger species than M. pascuali, with a mean 
skull length of about 125 mm in available specimens. The flat- 
tened dorsal area formed by the frontals and anterior portions of 
the parietals is more restricted than in M. pascuali, the roof con- 
stricting to a sagittal crest in front of the parietal foramen, which 
is reduced to a tiny slit. The postorbitals extend backward on 
either side of the crest to a point well back of the foramen. The 
angular process is not as sharply developed as in M. pascuali, the 
posterior and ventral borders of the process meeting at an obtuse 
angle. Thirteen to 15 maxillary, and 11 to 13 mandibular cheek 
teeth in available specimens. 

Description. M. teruggii seems, next to M. pascuali, to be the 
most common of Chanares reptiles; our present restricted materials 
contain some five skulls of this form. As noted above, this species 
is considerably larger (more than 40 per cent) than M. pascuali. 
This is, of course, a considerably greater difference than would be 
expected if we were dealing with sex differences. The skulls at- 
tributed to M. teruggii, like those of M. pascuali, seem to form a 
compact series, ranging from 115 to 138 mm in length, with an 
average deviation from the mean of about 9 mm, or about 7 per 
cent only. 

The skull of this species (Figs. 8-10) is very similar in most 

regards to that of its associate, M. pascuali. Since we have de- 
scribed, above, the skull of this smaller form in some detail, we 
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Figure 8. Laterial view of the skull of Massetognathus teruggii. X %4. 

can here avoid unnecessary and monotonous repetition of descrip- 
tion of their numerous similar features, and call attention only to 

the few points of difference. These are in part associated with size. 

As is, I think, well known (and should be obvious), the chewing 

apparatus of a large form must be disproportionately large as com- 

pared with that of a relative of smaller size. Here the differences in 
this feature have to do with a somewhat greater development of 

a sagittal crest. This is accomplished by a greater forward develop- 

ment of the crest, so that the flattened area of the top of the skull 

is <pinched in= to a greater degree than in M. pascuali, and a 
median ridge is, in contrast, formed anterior to the area of the 

parietal foramen, which is reduced almost to the vanishing point. 

The posterior flanges of the postorbitals which clamp in upon 

ither side of the parietals here reach farther back than is the case 

in M. pascuali, to extend to a point well back of the parietal 
foramen. As may be seen from Figure 8, the angle of the dentary 

is less sharp than in M. pascuali, the posterior border of the dentary 
sloping downward and forward at an angle, rather than descending 

vertically to the apex. As noted, the tooth count of the cheek bat- 
tery is somewhat higher than in M. pascuali. I find no essential dif- 
ference in the pattern of the <molars= in unworn teeth of the 

two species. 

DISCUSSION 

<Gomphodont= cynodonts, with a masticatory series of cheek 
teeth, were early discovered in the Cynognathus Zone of the early 
Triassic of South Africa. Diademodon (of which Gomphognathus 
and several other generic names are synonyms) is the best known, 

and has been well described by Watson (1911, 1913), Broili and 
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Figure 9. Dorsal and ventral views of the skull of Massetognathus ter- 

uggil. X %. 
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Figure 10. Posterior view of the skull of Massetognathus teruggii. X %. 

Schréder (1935), and most recently by Brink (11955; etc*): 

Trirachodon, Protacmon, Trirachodontoides, Gomphodontoides, 

and Inusitatodon are less well known forms from the Cynognathus 
Zone; a recent discovery is Cragievarus (Brink, 1965). 

Until recent decades, no remains of gomphodonts were known 
in other areas or in later Triassic horizons, and it was assumed 
that the gomphodonts were a short-lived and unimportant branch 
of the cynodont stock. This, however, was due to our lack of 
adequate knowledge of Middle Triassic faunas. Explorations from 
the nineteen-thirties onward, of beds of this age in South Amer- 

ica and Africa, are now revealing the fact that the gomphodonts 
long remained a flourishing group which formed a major com- 
ponent of the Middle Triassic faunas 4 at least those of the south- 
ern continents. 

From the Santa Maria beds of southern Brazil, von Huene 

(1928, 1942) described Gomphodontosuchus and Traversodon. 
From collections made in the Manda beds of East Africa by Par- 
rington and for von Huene have been described Theropsodon 
(Huene, 1950), and Aleodon, Cricodon, and Scalenodon (Cromp- 

ton, 1955). In South Africa, the Middle Triassic Molteno beds, 

long considered barren, have begun to yield fossils to Crompton, 
including a gomphodont Scalenodontoides (Crompton and Ellen- 
berger, 1957). Brink (1963) has recently described a Diademodon 

specimen from Northern Rhodesia at a level which he considers 

equivalent to the Cynognathus Zone, and a new gomphodont. 
Luangwa, from a horizon in the Ntawere Formation which is prob- 
ably a Molteno equivalent. Large gomphodonts, not yet described, 

are said to persist into the lower part of the Upper Triassic Red- 

beds of Basutoland (Crompton, 1964). A recent British expedi- 
tion resulted in the discovery of further gomphodont material in 

Northern Rhodesia and Tanganyika. In Argentina a visit by Fren- 
guelli to the Middle Triassic deposits of Ischigualasto produced a 
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few scraps of gomphodont skull to which Cabrera (1943) gave 
the name Exaeretodon and Theropsis. Exploration of this region 
by a Harvard-Buenos Aires Museum expedition in 1958 revealed 
the presence of a rich deposit of Middle Triassic vertebrates. As a 
result of further extensive collections made by the Instituto Lillo 
of Tucuman, Bonaparte (1962, 1963c) has been able to give a 

comprehensive description of Exaeretodon (with which Theropsis 
proves to be synonymous ), and has described two further genera of 

gomphodonts, Proexaeretodon and Ischignathus (Bonaparte, 
1963d, 1963a). Sr. Bonaparte informs me that he has under de- 
scription a small diademodont gomphodont from the early Triassic 
Puesto Viejo Formation of southern Mendoza Province. 

According to Dr. Donald Baird, a gomphodont, as yet unde- 
scribed, is present in the lower beds of the Newark series of Nova 
Scotia 4 the only gomphodont as yet reported from the Northern 
Hemisphere. 

Most recent of gomphodont-bearing faunas to be discovered is 
that of the Chanares Formation. Forms of this nature are here 
exceedingly abundant, and, as seen in the field, appear to make 
up a very large proportion (? one-half) of the total number of 

specimens recovered. In the small fraction of our collection now 
available for study there appear to be at least two further distinct 
genera present, in addition to the forms described above. 

The gomphodonts are obviously an herbivorous side branch of 
the advanced cynodont stock. The circumstances which led to this 
radical departure from the typically carnivorous mode of life of 
other cynodonts and, indeed, of all other theriodonts generally, are 
far from clear. In the late Permian a host of dicynodonts, large 
and small, were the typical herbivores of the times; as anyone 
who has collected in the Endothiodon or Cistecephalus zones of 
South Africa knows, 90 per cent or so of all specimens found in 
these beds are members of the dicynodont group. By the time we 
reach the Cynognathus Zone, the dicynodonts are much reduced in 
numbers and variety, and survive then and later in the Triassic 
only in the form of such large types as Kannemeyeria, Ischigual- 
astia, and Placerias. In such typical Middle Triassic faunas as 
those of Ischigualasto and Santa Maria, the common herbivores 
are, instead, of two types in about equal numbers 4 rhynchosaurs 
and gomphodonts. In the Chanares fauna we are dealing with 
an earlier Meso-Triassic stage. Rhynchosaurs must have been in 
existence (a few ancestral types are found in the Cynognathus Zone 
fauna), but presumably were little developed. (We have found no 

trace of a rhynchosaur in the sample of the collection currently 
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available to us, and saw no sure rhynchosaur material while col- 
lecting.) Gomphodonts are extremely abundant and apparently 
varied and, in the way of percentages, occupy much the same posi- 
tion in the Chanares that the dicynodonts did in the Upper Per- 
mian. Seemingly, it was only later in the Middle Triassic that 

rhynchosaurs became fully evolved and came to rival the gompho- 
donts in numbers. 

Judging by the very considerable number of new forms and 
the amount of new data unearthed during the last few years, we 
are currently undergoing, so to speak, an explosive period in our 
acquisition of knowledge concerning gomphodonts. For this rea- 
son, and because our knowledge of many of the forms concerned 
is very incomplete, it is inadvisable at this time to attempt any 
comprehensive study of gomphodont classification and phylogeny. 
Pertinent facts, however, may be discussed. 

In 1954 Haughton and Brink included all African forms then 
known in the Diademodontidae. In our 1956 classification of 
therapsids, Watson and I included all known gomphodonts except 
Gomphodontosuchus in the single family Diademodontidae, and 
I followed the same pattern in my <Osteology of the Reptiles,= 
published the same year. Lehman, in 1961, in the Piveteau 
<Traité= also included all gomphodonts (including Gomphodonto- 
suchus) in the Diademodontidae, although effecting a subdivision 
into subfamilies.1 Von Huene, however, had erected a second fam- 

ily, Traversodontidae, for the Brazilian genera Traversodon and 
Gomphodontosuchus, and Crompton and Ellenberger advocated a 
division of the gomphodonts into two major groups, Diademodon- 
tidae and Traversodontidae. 

Study of South American gomphodonts brought me in 1961, in 
contrast to my earlier opinion, to the conclusion that diademodonts 
and traversodonts (to which Exaeretodon obviously belonged) 

were distinct groups, but also to feel that the Trirachodon-Cricodon 
tooth type indicated the presence of a third group. Bonaparte 
(1963b) advocated two families, but (contra Crompton) would 

include Gomphodontosuchus, as well as the newly discovered 
Ischigualasto genera, in the Traversodontidae. Brink (1963) 

would unite these families into a superfamily Gomphodontoidea 
(melior Diademodontoidea?) of advanced cynodonts, in contrast 
to the carnivores 4 superfamily Cynognathoidea. 

1 His term <Eudiademodontinae= is, of course, inadmissable, not being 
based on the name of a genus. 
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Actually, it would seem, on the basis of present knowledge, that 
three, rather than two, groups of gomphodonts are present in the 
Lower and Middle Triassic. 

DIADEMODONTIDAE 

Here I would place a series of Cynognathus Zone forms typified 
by Diademodon, and a series of named genera identical or closely 
related, including: Cyclogomphodon, ?Cynochampsa, Diastemo- 
don, Gomphodontoides, Gomphognathus, Microhelodon, Octagom- 
phus, and Protacmon. The entire anatomy is, as mentioned above, 

adequately known only in Diademodon. 
The skull is relatively long, as in typical cynognathids, with a 

rather long and slender facial region, and with the greatest width 
toward the posterior end. The squamosal is deeply incised medial 
to the external auditory meatus, giving a V-shaped dorsal outline 
to the bone in posterior view; this is quite in contrast to the condi- 

tion in primitive cynodonts and even cynognathids, in which the 
two portions of the squamosal are broadly connected at the pos- 
terior margin of the temporal fenestra. In cynognathids the skull 
shape, as seen from above, is that of an isosceles triangle, the 
breadth gradually increasing backward to its maximum at the 
posterior end of the zygoma, whereas in diademodonts there is 
a major increase in width at the orbits, so that the zygomatic 
arches lie nearly parallel to the main axis of the skull for their 
entire lengths. The arches are deep, and are mainly formed by the 
jugals; the squamosals have but a narrow external exposure pos- 
teriorly and dorsally. A peculiar feature is a prominent ventral 
flange below the orbit formed by the jugal. In contrast to some 
cynognathids there persists in Diademodon (but not in Protacmon) 

a primitive condition in that the pterygoid-epipterygoid bar extends 
back to the quadrate. Certain of the features here listed for 
Diademodon appear to be present in gomphodonts generally; how- 
ever, the proportions of the <muzzle= are variable, the ventral 
jugal flange may be absent in some groups, and a broader external 
exposure of the squamosal is reported in some cases. 

Four incisors and a stout canine are present above and below; 
beginning after a short diastema, the diademodont dentition in- 
cludes a long row of cheek teeth on either side, the two tooth rows 
diverging with an outward curvature posteriorly. Thirteen or more 
cheek teeth may be present; here and in at least certain gom- 

phodonts, teeth may be added posteriorly to the cheek battery 
during <maturity,= and in Diademodon small anterior teeth may 
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be lost and their alveoli closed. The most anterior cheek teeth are 
peg-like, the most posterior retain a primitive, laterally compressed 

shape like that of carnivorous cynodonts. The main portion of 
the dental battery consists of gomphodont <grinders.= Here, as 
in other gomphodonts, there is a strong tendency for the de- 
velopment of rows of small bead-like denticulations along the 
ridges and cusps of the <molars=; however, these rapidly disappear 
with wear and are seldom seen, except in teeth in process of erup- 
tion. The evolution of the typical <molars= appears to have taken 
place by an inward growth, from the original compressed carnivore 
tooth type, of a <heel= overlapping the lower teeth. The original 
longitudinal tooth line is represented by two stout cusps along 
the outer margin; variable cusps may be developed medially. There 
may be some development of small cusps along anterior and pos- 
terior margins. A low ridge develops crossing the center of the 
<heel= from side to side; this, when unworn, shows a row of tiny 

denticles, but never a developed cusp. The lower <molars= are 
circular to subquadrate in shape, with a ring of cusps and cuspules 
surrounding a central basin. There is some suggestion of compari- 
son with the upper <molars= in that the marginal cusps tend to be 
more highly developed on the medial and lateral margins, and there 
is some development of a transverse ridge crossing the basin. 

The diademodont tooth type is, as far as known, mainly con- 
fined to forms from the Cynognathus Zone of South Africa. How- 
ever, Crompton (1955: 656-659, fig. 14 A-D) has described frag- 

mentary jaws from the Manda beds with mandibular <molars= of 
diademodont pattern. Further, the imperfect skull and jaws from 
these same beds which form the type of Aleodon brachyrhamphus 
(Crompton, 1955) are suggestive, as Crompton notes, of diade- 
modont relationships, but the teeth are so worn that almost noth- 
ing can be made of their pattern. 

8TRIRACHODONTIDAE 

Trirachodon and Trirachodontoides of the Cynognathus Zone 
and Cricodon of the Manda beds are forms with a dentition of 

very distinctive type. There are ten to eleven cheek teeth in Cri- 

codon, but only six reported in Trirachodon. The cheek tooth 

rows are nearly straight, but with a slight outward curvature pos- 

teriorly in Cricodon. In this genus the most anterior cheek teeth 

are small subcircular <premolars= and, at least in the lower jaw, 
the most posterior teeth, as in Diademodon, <revert= to the narrow 

cynognathid type. In the Cynognathus Zone forms the lower 
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<molars= are unknown. The upper cheek teeth of Trirachodon and 
both uppers and lowers of Cricodon are transversely broadened, 
but narrow anteroposteriorly. There is a single internal cusp and 
a single external one, and connecting the two a transverse ridge 
which with wear develops a prominent longitudinal cusp. 

It seems clear that this tooth type has developed independently 
of that of the diademodonts, by medial lateral development from 
an ancestral type with but a single major cusp; the diademodont 
type, on the other hand, expanded laterally from a tooth with 

greater anteroposterior length. Both Crompton and Ellenberger 
(1957) and Bonaparte (1963d) would include these forms in the 
Traversodontidae. But while the upper <molars= of typical traver- 
sodonts might perhaps be derivable from the type seen in the pres- 
ent group, I think it is impossible to conceive of the lower <molars= 

of the traversodonts having been derived from the radically differ- 
ent type seen in Cricodon and presumably present in Trirachodon. 

A minor but perhaps significant feature suggesting at least a 
distant trirachodont-diademodont relationship is the presence in 
Trirachodon of a suborbital process of the jugal comparable to that 
of Diademodon and Protacmon. 

Probably of no significance is the fact that the fragment of skull 
from the Upper Triassic Redbeds named Tritheledon by Broom 
(1912) shows a row of transversely widened multicuspidate teeth, 

somewhat suggestive of a trirachodont. 

TRAVERSODONTIDAE 

At present this family (as here restricted ) definitely includes two 

African forms 4 Scalenodon of the Manda beds and Scalenodon- 

toides of the Molteno 4 and a series of South American forms 4 

Traversodon from Santa Maria, Exaeretodon, Proexaeretodon, and 

Ischignathus from Ischigualasto, and from the Chanares the two 
species of Massetognathus described above, as well as other forms 
to be described later. Many of these are incompletely known 4 

Scalenodontoides from a lower jaw alone. Scalenodon from numer- 

ous but fragmentary remains, Traversodon from isolated elements 

from which von Huene has restored a skull; Proexaeretodon and 

Ischignathus are represented by incompletely preserved skulls. As 
yet Exaeretodon and Massetognathus are the only traversodontids 
in which adequate skull material is known. Considerable variation 

in skull structure appears to have been present in the group. All 
appear to have had, as seemingly in gomphodonts generally, zygo- 
matic arches placed far laterally in a plane parallel to the long 



20 BREVIORA No. 264 

axis of the skull. In general the muzzle is narrow; only in Masse- 
tognathus, as far as known, do we find a <swollen= maxillary 

region. In all forms where data are available, the angular process 
of the dentary is more pronounced than in other cynodonts (includ- 
ing Diademodon) and the angular-surangular more exposed lat- 
erally. The number of cheek teeth is variable 4 8 maxillary teeth, 

for example, are figured in Scalenodon and Traversodon, 9 in 

Exaeretodon, 11 in Proexaeretodon, 7 in Ischignathus, 11 to 15, 

as noted, in Massetognathus. 
The <molars,= and most especially those of the mandible, with 

a pair of prominent crests across the anterior border (behind which 

is a broad <heel99), are the most clearly diagnostic feature of the 

group. The mandibular teeth are not at all comparable with those 

of Cricodon (or those expected in Trirachodon), and offer a major 

reason for separating those genera from the Traversodontidae. 

As far as they are known in members of the South American 

fauna, the upper <molars= are nearly equally distinctive. There are 
here two external cusps, the posterior the major one; a prominent 

transverse ridge along the posterior margin, with a typical develop- 
ment of two cusps toward and at the internal edge; anterior to the 

posterior crest a concave basin, bounded in front and laterally by a 

ridge much lower than that behind. The cheek teeth are set closely 
in series, and even in Massetognathus each tooth <shoulders= 
slightly into the one ahead somewhat medial to the lateral border. 

This <shouldering= is much more pronounced in Proexaeretodon 
and Exaeretodon, so that in the latter genus the tooth appears to 
consist of two portions, external and internal, set at a considerable 
angle to one another. 

Of the two African forms, Scalenodon and Scalenodontoides, 

definitely assignable to the traversodonts, both exhibit lower 
<molar= patterns characteristic of the family. The upper dentition 

is unknown in the latter genus, but it is present and well described 

by Crompton in the former. The maxillary <molars= are basically 
comparable to those of South American forms, but differ in that 

there is but a single external cusp, without development of the 
accessory anterior one, and, further, in that the prominent trans- 

verse ridge, bearing two cusps toward and at the inner margin, lies 
not at the posterior border of the tooth but some distance anterior 

to it. These differences suggest that Scalenodon is rather more 

primitive than the described South American forms. Possibly we 
may see here a stage in the evolution of the traversodont upper 
<molar= from one resembling that of Trirachodon, but as remarked 
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above, such an ancestry seems out of the question as regards the 

lower cheek teeth. 
However, there is evidence in the Manda beds of a form with 

more advanced upper <molars= 4 this is represented by a maxilla 
which Crompton (1955: 659-660, fig. 14 E) compared tentatively 
with the Brazilian Gomphodontosuchus, but which is obviously 
distinct (there are alveoli for at least ten cheek teeth, whereas the 

short-jawed Gomphodontosuchus has but six). The two <molars= 
preserved are somewhat worn, but show definitely the presence of 

two external cusps, a central basin, a low, crenulated, anterior 

transverse ridge, and a high posterior one. Further, there is a 
slight posterior marginal concavity on each tooth, indicating a be- 

ginning of the <shouldering= which became more prominent in 
some of the Argentinian genera. It appears probable that we are 
dealing with a form closely related to, and not impossibly belonging 
to the genus Massetognathus. Significant in this connection is the 
fact that in this specimen there is, as Crompton notes, a pro- 

nounced outward <bulge= of the maxilla lateral to the tooth row, 
as in Massetognathus but not reported in any other described 

gomphodont. 

FORMS OF DOUBTFUL ASSIGNMENT 

Apart from genera which seem clearly to belong to one or an- 
other of the three groups distinguished above, there are a number 
of forms which cannot be assigned, mainly because of lack of 
knowledge of molar pattern. 

Inusitatodon (Brink and Kitching, 1953) is a small Cynognathus 
Zone form represented by an incomplete skull. The jaws are 
tightly locked and the crown pattern of the cheek dental battery 
4 which includes two <premolars= and apparently eight <molars= 
4is unknown. Brink and Kitching compare the skull with that 
of Diademodon in various regards, but, without giving reasons 
for this, state that Trirachodon is the closest relative. 

In the newly described Cragievarus (Brink, 1965) from the 

Cynognathus Zone, the cheek tooth pattern is, unfortunately, not 
described. The <molars= are subquadrate in outline, suggesting 
reference to the Diademodontidae, and Brink notes various points 
of agreement with Diademodon. However, the cheek tooth row 
is short (? nine teeth above, seven below), the skull lacks the 

sharp expansion in width at the orbits usual in gomphodonts, the 
zygomatic arch is weak, the jugal lacks the ventral process seen in 
Diademodon and Protacmon, and the angular process of the 
dentary is less developed than in typical gomphodonts. Possibly 
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this form is a primitive but somewhat aberrant diademodontid. 

Luangwa (Brink, 1963: 89-93), from the Ntawere Formation of 

Northern Rhodesia, is obviously, from its expanded cheek teeth, a 

gomphodont, but the crown pattern is unknown. The shortness of 
its tooth row (only five <molars= and a miniscule <premolar99) is 

unmatched, except in Trirachodon and Gomphodontosuchus, but 
the shape of its subquadrate <molars= is quite different from those 
of the former (narrow anteroposteriorly) and from the triangular 
<molars= of the latter genus. The general skull pattern and the 

<incipient= ventral jugal process suggest the Diademodontidae; pos- 
sibly we are dealing with a juvenile. Brink states that its closest 
ally is Scalenodon, but gives no reasons. 

Aleodon from the Manda (Crompton, 1955) is, again, surely 

a gomphodont, but, again, we have almost no data on tooth cusps. 

The skull is little known. The rather <fat= shape of the <molars= 
suggests the Diademodontidae. 

Theropsodon of the Manda beds was described by von Huene 
(1950) on the basis of a nearly complete but poorly preserved 
skull. It is definitely a gomphodont, according to von Huene, but 
the tooth pattern cannot be determined. Possibly it may be identi- 
cal with either Cricodon or Scalenodon, from these same beds, or 

may represent a true diademodont, of which individual teeth are 

known to be present there. 
Gomphodontosuchus from the Brasilian beds is apparently a 

somewhat aberrant form, with a short face, short tooth row, and 

massive jaws. The crown pattern of the <molars= is imperfectly 
preserved. Watson and I, in 1956, assigned this form to a separate 

family; Crompton and Ellenberger (1957) assigned it to the diade- 

modonts; Bonaparte advocates a position in the Traversodontidae. 

The last is perhaps the best suggestion, but better material is 
needed. 

Bonaparte (1963b) has suggested that Belesodon of the Santa 
Maria beds might prove to be a traversodont. However, the 

Chanares fauna includes a form, as yet undescribed, which is obvi- 

ously related and probably antecedent to Belesodon, in which teeth 

of cynognathid type are preserved. 

Watson, Kiihne, Crompton, and Bonaparte have all successively 
suggested that the tritylodonts were of gomphodont derivation. 
This may well be the case. In no other therapsid group do we 
find any appreciable trend for the development of multicuspidate 

molars. In forms such as [schignathus we find a shortened, com- 
pact, <molar= series and a considerable postcanine diastema 4 
features to be sought in a tritylodont ancestor. But although 
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Crompton has hopefully pointed out that it would be possible to 
derive tritylodont molars from those of traversodonts, there is still 

a very considerable structural gap to be bridged. It is to be hoped 
that further exploration of Middle Triassic deposits will yield 
forms bridging this gap. 

A further possibility is that the gomphodonts may be in some 
way related to the ancestry of the monotremes. Their ancestry is a 
complete blank (despite a suggestion at one time of docodont rela- 
tionships) and it is generally felt that they probably evolved from 
therapsids of some sort quite separately from other mammals. The 
curiously multicuspidate <molars= of the forms here described are 
suggestive in general (although not in detail) of the likewise multi- 
cuspidate molars of Ornithorhynchus. It may well be that mono- 
tremes are descended from gomphodonts of some sort. 
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